We present the state of the modernized, upgraded and enhanced National Network of Seismic Stations (NNSS) of Slovakia at the end of the year 2017 and the importance of the Project: Modernization and enhancement of the National Network of Seismic Stations which took place in years [2001][2002][2003][2004]. In this period some stations were modernized and upgraded and several new stations were built in various places in Slovakia to increase ability to localize seismic events on the territory of Slovakia and adjacent areas. Before the year 2001 the average number of localized earthquakes on the territory of Slovakia was only 7 per year. The breakthrough occurred in the year 2005 with the fully operational network when the number of localized earthquakes with epicentre on the territory of Slovakia was increased up to 50. Now this number is approximately 70-90 earthquakes per year. We present the changes in the NNSS in the last 13 years, obtained results (some of them are preliminary), advantages and weaknesses of the NNSS and future plans toward further improvements of our seismic network system.
Introduction
Before the year 2001 the NNSS consisted of six permanent seismic stationsHurbanovo (HRB), Košice (KOS), Modra (MOD),Šrobárová (SRO), Vyhne * corresponding author: e-mail: kristian.csicsay@savba.sk (VYH) andŽelezná studnička (ZST) (Fig. 1) . Due to the quality of seismic records and number and placement of seismic stations the ability to localize seismic events was at very low level (Moczo et al., 2005) . The average number of localized earthquakes on the territory of Slovakia was only 7 per year (Cipciar et al., 2017) . In the year 2001 a new very important and ambitious project was started which primary goal was to upgrade the NNSS to the standard European level at that time. The NNSS has been modernized and enhanced during the years [2001] [2002] [2003] [2004] . TheŽelezná studnička seismic station was the only one at the European level at that time and only minimal upgrade was necessary. All other seismic stations (Modra,Šrobárová, Vyhne) required serious upgrades. Due to increased noise level, the seismic station Košice was cancelled from operation and moved toČervenica, where was a more suitable place for seismic recording. New seismic stations Iža, Kečovo, Kolonické sedlo, Likavka, Moča, Stebnícka Huta were built (Moczo et al., 2005) . For each new seismic station a site selection process was car- ried out. A typical seismic station was equipped with a sensor (short period or broadband), 16bit digitizer, GPS, classic PC and satellite. Only the oldest seismic station Hurbanovo was not upgraded during the project. This seismic station has been in operation since 1909 (Pajdušák, 1997) and is equipped with two horizontal seismographs type Mainka and analogue registration on a smoked paper. After the end of the Project: Modernization and enhancement of the National Network of Seismic Stations the NNSS consisted of five broadband and seven short period seismic stations (Fig. 2 ) (Moczo et al., 2005) . For more information about the beginnings and initial status of the modernized and enhanced NNSS see paper Labák (2004) . 
Current state of the NNSS
At the present, the NNSS (ESI SAS, 2004 ) is the most important Slovak infrastructure for monitoring of seismic activity. Its main mission and goal is to monitor and localize earthquakes with macroseismic effects (effects on people, objects, buildings and nature) on the territory of Slovakia. Besides these earthquakes the seismic stations of NNSS record also weaker local earthquakes and other seismic events (e.g. quarry blasts) as well as regional end teleseismic earthquakes and nuclear explosions. All permanent seismic stations are registered in the International Seismological Centre (ISC).
The network consists of eight short period and five broadband seismic stations (Fig. 3) . Broadband stations are:Červenica (CRVS), Kolonické sedlo (KOLS), Modra (MODS), Vyhne (VYHS) andŽelezná studnička (ZST). Short period seismic stations are: Hurbanovo (HRB), Izabela (IZAB), Iža (SRO1), Kečovo (KECS), Liptovská Anna (LANS), Moča (SRO2), Stebnícka Huta (STHS) andŠrobárová (SRO). Some of them are in operation with original equipment since the installation, others have undergone upgrading process partly or completely (e.g. 24/32bit digitizers, 12V mini-PC). Due to signal problem caused by increased level of background seismic noise the seismic station Likavka (LIKS) have been moved to the new location in Liptovská Anna in cooperation with the Progseis, Ltd. company in the year 2009 (Fig. 4) . Almost 9 years of operation the Liptovská Anna (LANS) proves to be our best short period seismic station. In the year 2016 the seismic station IZAB has been added to the NNSS as a new permanent short period seismic station. This seismic station has been operated in cooperation with Progseis, Ltd. company. Three additional stations Banka (BAN), Podolie (POD), Jalšové (JAL) have been added to the NNSS in the Little Carpathians (Fig. 3) in cooperation with Progseis, Ltd. company and Institute of Rock Structure and Mechanics of the Czech Academy of Sciences (Fojtíková et al., 2015) . The seismic station PustéÚl'any (PULA) has been added to the NNSS in Podunajská nížina (Fig. 3) The data are transmitted from all seismic stations in real-time, except HRB -the reason mentioned above and are collected by the software pack-age SeisComp3 (Weber et al., 2007) through SeedLink server. For routine daily interpretation of collected data the Seismic Handler software package (Stammler, 1993 ) is used. Continuous raw seismic data from the NNSS are stored in a local archive and seismic data interpretations (together with information on equipment of stations) are stored in a web accessible database. Beside seismic data from the NNSS we also use seismic data from other local networks in Slovakia (Local Seismic Network of Eastern Slovakia, two private local seismic networks around nuclear power plants Jaslovské Bohunice and Mochovce) and seismic data from networks of neighbouring countries -Austrian Seismic Network (ZAMG -Zentralanstalt für Meterologie und Geodynamik, 1987) All permanent seismic stations of the NNSS are included in the Central and East European Earthquake Research Network -CE 3 RN (Lenhardt et al., 2014) and three broadband stations MODS, VYHS and ZST are part of the AlpArray permanent seismic network (Hetényi et al., 2018) . Other very appropriate comparison of the old and the new NNSS is the ability to seismometrically localize earthquakes on the territory of Slovakia. Fig. 5 shows the number of seismometrically localized earthquakes in the period 1902-2003. During this period only 92 earthquakes were seizmometrically localized. Recently approximately 70-90 earthquakes with epicentre on the territory of Slovakia are localized every year, most of them (cca 97%) are weak events with estimated local magnitudes below 2 (Cipciar et al., 2017) .
Preliminary results and results

Although the
The increase accuracy of localizations of earthquakes on the territory of Slovakia allows more precise definition of seismo-active areas and their active fault systems and helps us to eliminate mining events from the earthquake catalogue (Fig. 6 ). Thanks to modernized and enhanced seismic network, localizations of earthquake epicentres confirm geological neotectonic and recently active fault zones (e.g. Fojtíková et al., 2010; Hók et al., 2014 Hók et al., , 2016 Hók et al., , 2018 Madarás et al., 2012; Marko et al., 2017) . The hypocentres of these earthquakes indicate shallow earthquake activity on the territory of Slovakia with a maximum depth to 15 km. We plan common geological and geophysical interpretation of the localized earthquakes together with geologists in the future.
The increased number of recorded and localized earthquakes by modernized NNSS allowed the determination of the new local magnitude formulae for the territory of Slovakia (Chovanová and Kristek, 2018) . Until now the (Hutton and Boore, 1987) formula was used for estimation of the local magnitudes. One of the main motivations of developing the new formulae was the reduction of the differences between the local magnitudes estimated for one event at different seismic stations of the NNSS. The formulae was developed using 3579 trace amplitudes recorded by nine permanent seismic stations of the NNSS from 2005 until 2016. The formulae are valid from 10 km up to 550 km of epicentral distance. The attenuation parameters and also the station corrections for nine seismic stations were estimated. The range of the station corrections is -0.21 for VYHS up to 0.28 for KOLS. The smallest correction 0.03 is for CRVS and MODS station. Using the new formulae with the station corrections, the reduction of error is up to 58% comparing to formulae by Hutton and Boore (1987) .
Conclusion and discussion
Period of 13 years of the seismic activity monitoring on the territory of Slovakia from a geological point of view is very short time but years 2004-2017 show enormous advances to understanding the seismic regime of active fault systems and geological evolution of tectonic units on the territory of Slovakia. Currently the new NNSS localize approximately ten times more earthquakes on the territory of Slovakia then the old NNSS. Localizations of earthquake epicentres confirm geological neotectonic and recently active fault zones.
However, the seismic monitoring in Slovakia should be further improved. Due to lack of strong earthquakes and missing temporary stations in the main seismo-active areas (except for the Little Carpathian seismic source zone), the ability of the calculation of focal mechanisms is at very low level. Recent years of data acquisition and processing showed the necessity to build additional stations in various parts of Slovakia, particularly in Spiš and Kysuce -Orava regions from where still we don't have enough information about the seismic regime in these seismo-active areas. On the other hands 13 years of monitoring is too much for seismological equipment. For this reason we need to replace outdated seismometers and data loggers with new modern instruments.
The results of seismic monitoring in Slovakia before and after modernization clearly demonstrate a success of the realization of the Project: Modernization and enhancement of the National Network of Seismic Stations and it's importance for a future seismological and tectonic research of the Slovak territory and adjacent areas.
